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Background: Converging lines of evidence confirmed neuroinflammation’s role in autism spectrum disorder (ASD) etiological
pathway. A disintegrin and metalloproteinase 8 (ADAMS) play major roles in inflammatory and allergic processes in various diseases.
Aim: This study aimed to investigate ADAMS plasma levels in autistic children compared to healthy controls. Also, to discover the
association between ADAMS, disease severity, and neuroinflammation in ASD.

Methodology: This case—control study included children with ASD (n=40) and aged-matched healthy controls (n=40). The plasma
levels of the ADAM 8 were determined using enzyme-linked immunosorbent assay (ELISA). The assessment of ASD severity and
social and sensory behaviors were categorized as mild, moderate and severe. Correlations among ADAMS plasma levels and ASD
severity scores [Childhood Autism Rating Scale (CARS), Social Responsiveness Scale (SRS) and Short Sensory Profile (SSP)] were
obtained by Spearman correlation coefficient (r).

Results: ASD children (n=40), including severe autism (n=21) and mild-to-moderate autism (n=19), showed significantly (p < 0.05)
lower plasma levels of ADAMS [4683 (2885-5229); 4663 (4060-5000); 4632 (2885-5229)], respectively, than those of healthy
controls [5000 (4047-5000)] [median (IQR) pg/mL]. However, there was no significant difference between the ADAMS levels of
children with severe and mild-to-moderate autism (p = 0.71). Moreover, ADAMS plasma levels were not significantly correlated with
the severity of ASD measured by behavioral scales [CARS (= —0.11, p=0.55), SRS (r=0.11, p= 0.95), SSP (r=-0.23, p=0.23)].
Conclusion: The low ADAMS plasma levels in children with ASD possibly indicated that ADAMS might be implicated in the
pathogenesis of ASD but not in the severity of the disease. These results should be interpreted with caution until additional studies are
carried out with larger populations to decide whether the reduction in plasma ADAMS levels is a mere consequence of ASD or if it
plays a pathogenic role in the disease.

Keywords: autism spectrum disorder, neuroinflammation, a disintegrin and metalloprotease 8, neurodevelopmental disorder

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impaired social interactions with
repetitive stereotypical behaviors.' The etiopathology of ASD is unclear, and no diagnostic or predictive biomarkers have
yet been discovered. A diagnosis is achieved using behavioral assessments using various ASD screening and diagnostic
methods, including the Diagnostic and Statistical Manual of Mental Disorders, fifth Edition (DSM-V), Childhood Autism
Rating Scale (CARS), Social Responsiveness Scale (SRS) and Short Sensory Profile (SSP).> A sudden rise in the
prevalence of ASD has encouraged an increase in research studies on the fundamental neuropathologic routes of this
disorder. An increasing body of research states that neuroinflammation and dysregulated immune responses are essential
pathological processes involved in the etiological pathway of ASD.®’
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Neuroinflammation is primarily considered a continuous process in which the increasing activation of microglia
evokes and expands cytokine signaling that continues beyond a transient neuroprotective stage, thus creating an advanced
pathological state.'®'" Increased indications associate neuroinflammation as a primary source in neuropsychiatric and
neurodevelopmental disorders such as ASD and schizophrenia.'>'* Several studies have revealed that inflammatory
cytokines were raised in blood serum and cerebrospinal fluid (CSF) in children with ASD.'>'® Recently, evidence
concerning the contribution of various factors of neuroinflammation in postmortem brain tissues of autistic children and
its possible pathogenic and therapeutic mechanisms in ASD.” However, exploring the role of neuroinflammation in the
progress of ASD is essential both as a marker for disease diagnosis and as a target for therapeutic intervention.

The inherent immunity is intimately associated with inflammatory routes and leads to numerous bacterial and viral
infections.'!” Researchers have reported several inflammasomes, which play a significant role in the manifestation and
progress of different major diseases such as ischemic Parkinson’s disease and stroke.'®'"

A disintegrin and metalloproteinase 8 (ADAMS) is a transmembrane protein, a member of a disintegrin and
metalloproteases (ADAMSs) group that mediates cell adhesion and cell migration through the cleavage of membrane-
bound cytokines, growth factors, and receptors.”’ ADAMS is expressed mainly in the immune system cells, dendritic
cells, eosinophils, neutrophils and monocytes.”?’ ADAMS has been involved in various biological activities, including
cell—cell and cell-matrix connections, neurogenesis and muscle growth.”* The individual expression pattern of ADAMS
showed possible roles in neuropathology and immunology.>* Nevertheless, the molecular mechanism of ADAMS is still
not clear. ADAM 8 was discovered under many pathological disorders; hence, it plays a vital role in inflammation and
tumor-related diseases.'”** Inflammatory stimuli such as tumor necrosis factor (TNF-a), Interferon- ¢ (IFN-c) and
Lipopolysaccharide (LPS) activate ADAMS, which supports its function in regulating inflammation.”> The contribution
of ADAM 8 in different diseases shows its effectiveness as a prognostic and diagnostic biomarker.® Therefore, ADAMS
is a possible attractive drug target in variable conditions.?’ Earlier studies also revealed that ADAMS plays a significant
role in allergic and neuroinflammation.'**' However, it is still not clear whether ADAMS acts in a pro-inflammatory or
anti-inflammatory mode.***’

ADAMS inhabits a vital position in encouraging the manifestation of inflammatory diseases ADAMS can trigger the
production of several inflammatory factors and eventually cause tissue injury in many diseases, including rheumatoid
arthritis and tracheal inflammation.*®

ADAMS is expressed in the mammalian central nervous system (CNS), mainly in oligodendrocytes and neurons.*?
Moreover, ADAM 8§ contributes to the myelination and plasticity of proteins, demonstrating that ADAMS plays a key
role in the brain and regulation of neuroinflammation. However, limited research about ADAMS in the CNS has been

1?° revealed that ADAMS expression was low in the brain of normal adult mice. However, the

reported. Hisa et a
concentration of TNFa and ADAM 8 increased significantly in the mouse model of neurodegeneration. Recently, Zheng
et al’® reported that ADAMI10 and ADAMI7 regulate synaptic functions, neuroinflammation, immunity and brain
development, which are involved in the pathogenesis of ASD.

Since ADAMS plasma levels in ASD subjects have never been reported earlier, thus considering the crucial role of
ADAMS in the brain development and regulation of neuroinflammation, it has been hypothesized that ADAMS could
play a pathogenic role in ASD patients. Thus, the main objective of the current study was to examine the role of ADAMS
in subjects with ASD compared to age-matched healthy controls and to establish the connection between ADAMS and

the severity of the disease in autistic children.

Methods

Participants

This case—control study was carried out from October 2021 to February 2022 at Autism Research and Treatment Center
(ARTC), King Saud University. Our participants included 80 children aged 3—13 years, including forty children (37 male
+ 03 female) with ASD from the ARTC and 40 healthy children (25 male +15 female) from the pediatric clinic at King
Khalid University Hospital. The ASD diagnosis was performed according to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-V). Subjects associated with fragile X syndrome, epileptic seizures, obsessive-compulsive
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disorder, affective disorders, or any other neurological or psychiatric diseases were excluded from the study. The
Institutional Review Committee of the college of medicine at King Saud University approved this study. Informed
written consent was signed by the parents or the legal guardians of all the enrolled participants. All procedures followed
the Helsinki Declaration for human investigations. The severity of ASD, as well as social and sensory performances,
were measured in all children with ASD by using the CARS, SRS and SSP scales, respectively.®'

Childhood Autism Rating Scale (CARS)

The CARS score was measured as a scale for ASD severity.” CARS assesses the child on a scale from 1 to 4 in each of
15 dimensions, including the ability to relate to people, emotional response, imitation, body use, object use, listening
response, fear or nervousness, verbal communication, nonverbal communication, activity level, level and reliability of
intellectual response, adaptation to changes, visual response, taste, smell and touch responses and general impressions.
A total score of at least 30 strongly suggests the presence of ASD. Children who score between 30 and 36.5 have mild-to-
moderate ASD, while those with scores between 37 and 60 have severe ASD.

Social Responsiveness Scale (SRS)

The SRS is a validated test of interpersonal behavior, communication, and stereotypical traits in ASD. It is used as
a diagnostic tool, distinguishing clinically significant ASD from varying levels of social impairment in other psychiatric
disorders. It consists of 5 subscales: social awareness, social cognition, social communication, social motivation, and
autistic mannerisms. Total SRS scores range from 0 to 195, corresponding to significant social impairment observed in
individuals with ASD. A score of 76 or higher is considered severe and is strongly associated with a clinical diagnosis of
ASD. A score between 60 and 75 is in the mild-to-moderate range of social impairment.

The Short Sensory Profile (SSP)

The SSP is a 38-item questionnaire designed for children aged 3—14 years; it provides quick information about the
sensory processing skills of autistic children. Each item on the SSP is measured on a 5-point Likert scale. Domain scores
were measured in tactile, taste/smell, and movement sensitivity, seeking sensation, auditory filtering, low energy levels,
and visual/auditory sensitivity. Domain scores and overall sensory responses were categorized as typical performance, the
probable difference from typical performance, or a definite difference from typical performance. Scores less than 142
indicate severe performance (definite difference from typical performance), scores between 142 and 152 indicate mild-to-
moderate performance (probable difference from typical performance), and scores between 153 and 190 indicate typical
performance. The SSP has been used in many studies.”

Blood Sample Collection

A 3 mL blood sample was collected from each child while fasting in morning in test tubes containing EDTA. Blood
samples were immediately centrifuged at 4°C at 3000 rpm for 20 minutes to collect plasma samples, which were stored
in a freezer at —80°C until analysis. The ADAM 8 concentrations were measured in the plasma of all subjects using
a commercially available sandwich ELISA kit (Cusabio Biotech Co. Ltd., Wuhan, China). All biochemical analyses
were performed in duplicate, and mean values were reported. No significant cross-reactivity or interference was
observed.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS 21.0 for Windows; SPSS, Chicago, IL,
USA). The parametric data were presented as mean and standard deviation (SD), while nonparametric data were
presented as Median and IQR levels. The t-test was used for the comparison of parametric data. In contrast, the
Mann—Whitney U-test was used to compare nonparametric data of ADAM 8 protein levels between the ASD and
healthy groups. The Spearman’s correlation coefficient ‘r’ was employed to determine correlations between severity
variables (SRS, CARS, and SSP). The p-values less than 0.05 were considered statistically significant.
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Table | General Characteristics, Plasma Levels of ADAM 8, in Children with ASD and Healthy Controls and Their
Association with ASD Severity

Age (Years) ADAMS pg/mL p-value* | CARS Score
Median (IQ Range) | Median (IQ Range)
Children with ASD, n = 37 (34 male+ 03 female) | 6 (3—12) 4683 (2885-5229) <0.01* > 30
Children with severe ASD (n =21) - 4663 (4060-5000) <0.05% > 36.5
0.71
Children with mild to moderate ASD (n =16) - 4632 (2885-5229) <0.01* <365
Healthy children, n= 40 (25 male + |5 female) I (3-13) 5000 (4047-5000) <0.05%
p= <0.05*

Notes: *Comparing ASD children with control subjects (p-value < 0.05 was considered statistically significant).

Results

The general features of the study participants, along with plasma levels of ADAMS [median (interquartile range=IQR)
pg/mL] of the ASD group with different severity (mild-moderate or severe) and healthy controls, are summarized in
Table 1.

Three children were excluded for scoring below 30 points in CARS. The remaining ASD children (n = 37, CARS
score >30) with severe ASD (n=21, CARS score >37) and mild-to-moderate ASD (n=16, CARS score >30) exhibited
significantly (p <0.05) lower plasma levels of ADAMS [4683 (2885-5229); 4663 (4060-5000); 4632 (2885-5229)],
respectively, than those of healthy controls [5000 (4047-5000)] [median (IQR) pg/mL]. However, there was no
significant difference between the ADAM 8 levels of children with severe and mild-to-moderate autism (p = 0.71).

The severity of ASD in children was further categorized according to their measured CARS scores. SRS and SSP
scores recorded the social and sensory functions of ASD children. Overall, ASD children with severe and mild-to-
moderate autism show 36 (8.6), 44 (6.7) and 33 (3.0) [mean (SD)] CARS scores, respectively (p <0.05), which strongly
recommend the severity of ASD.

The Mean (SD) values of total SRS scores of all the ASD, severe and mild-to-moderate ASD categories were found
to be 119 (44), 134 (43) and 102 (39), respectively, which are considered severe and are strongly linked with a clinical
diagnosis of ASD. Also, the SSP measured sensory processing dysfunction and showed a mean (SD) score of 153 (29) in
children with ASD (Figure 1). Moreover, children with severe and moderate ASD showed 143+28 and 148+29 SSP

B Autism = Mild u Severe
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=
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CARS
Figure | Behavioral scales (CARS, SRS and SSP) scores in children with ASD and their association with ASD severity.
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Table 2 Plasma Levels of ADAM 8 in Subcategories
According to Behavioral Tests (CARS, SRS, SSP) in ASD

Children

ASD Subcategories | Mean Plasma Levels | SD
of ADAM 8 (pg\mL)

CARS
Mild to Moderate 4332 1274
Severe 4041 1141
SRS
Mild to moderate 4822 1066
Severe 4136 1081
SSP
Typical 4377 1133
Atypical 4203 1097

scores, respectively, which are associated with mild-to-moderate presentation, clearly different from a typical presenta-

tion for ASD. Mean scores of behavioral rating scales (SRS, CARS, and SSP) along with subcategories of severity are

also presented in Table 2.

Spearman correlation coefficient (r) was calculated to determine the relationships between ADAMS levels and

different variables (CARS, SRS, SSP). However, the resulting graphs showed no significant correlations between
ADAMS levels and variable behavioral scales [CARS (r=—0.11, p=0.55) in Figure 2, SRS (r=0.11, p=0.95) in
Figure 3 and SSP (1=—0.23, p=0.23)] in Figure 4 scores among the ASD subjects. Although ASD severity scores were

not significantly correlated with ADAMS levels, the subcategories of ASD according to severity showed a significant

decrease in ADAMS in severe ASD compared to healthy control and between mild ASD and severe ASD groups
(Table 1). Also, all behavioral tests (Table 2) showed higher plasma levels of ADAM 8 in mild-to-moderate ASD
compared to severe ASD, but the correlations were not significant.
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Figure 2 Correlation between the plasma levels of ADAM8 (pg/mL) and the CARS score in ASD children.
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Figure 3 Correlation between the plasma levels of ADAM8 (pg/mL) and the SRS score in ASD children.
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Figure 4 Correlation between the plasma levels of ADAM8 (pg/mL) and the SSP score in ASD children.

Discussion
Autism spectrum disorder (ASD) is a neurodevelopmental disorder with many etiologies and mechanisms leading to
abnormal brain development. The neurological cause of ASD is still not well known, and the role of neuroinflammation
in ASD must be investigated. Moreover, no disease markers for the diagnosis of ASD have been confirmed. However, the
discovery of biomarkers in patients with ASD with variable scales of clinical appearance (ie, mild, moderate and severe)
will give a better understanding of the pathogenesis of the disease and help suitable early diagnostic approaches and
therapies for this disorder.

Neuroinflammation is a complex process in which the brain reacts to different stimuli, which is a significant cause of
several diverse pathological disorders.*” In recent years, various study groups proposed possible neuroinflammation as
a critical etiological cause of ASD.%’
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Several research groups have studied a range of immune cell effectors in ASD. Still, very few have investigated
molecules supporting immune cell migration into the CNS in ASD patients and healthy controls.>® The role of
neuroinflammation and cellular dysfunction in ASD suggested that abnormal neuroimmune interactions may occur in
the CNS.*** The significant activation of astroglia and microglia with abnormal concentrations of cytokines, chemo-
kines and immunoglobulin were detected in ASD.**>® These results advised immune system alterations, which may
involve neuroinflammation and possible neurotransmitter imbalances in ASD.?"

Despite extensive research, the pathogenic mechanism of ASD has not been explained yet. It was assumed that
mitochondrial dysfunction, oxidative stress, abnormal protein folding and apoptotic mechanisms might be reasons for
neurodegeneration in relationship with neuroinflammatory mechanisms, which could stimulate the cascade of incidents
leading to ASD.'> Moreover, the link between neuroinflammation, mast cell activation and seizures through the secretion
of pro-inflammatory mediators and regulation of the blood—brain barrier (BBB) permeability was also proposed.*’

ADAMS is exhibited primarily in immune system cells, such as monocytes, neutrophils, eosinophils, dendritic and
B cells; thus, it could play a pathogenic role in inflammation and autoimmune disorders.”’ The expression pattern of
ADAMS and its capability to process proteins responsible for neurodevelopment, myelination and plasticity support the
crucial role of this protein in the brain.?’

ADAMS was found to be linked to Astro/microgliosis and confirmed to be neuroprotective in murine models of
neurodegeneration. This shows a major role for ADAMS in regulating neuroinflammation.*' Also, ADAMS might be
implicated in common basic cellular processes that also affect the nervous system, or it may influence specific
neurodevelopmental mechanisms directly and contribute to the progress of ASD. In all conditions, ADAMS would be
suggested as a possible biomarker and therapeutic target for ASD.

Given the main role of ADAMS in brain development and neuroinflammation, it occupies an important position in
promoting the occurrence of inflammatory and allergic diseases.”**!

ADAMS can increase the production of many inflammatory factors in several inflammatory diseases and ultimately
cause tissue damage.”® Moreover, it was reported that ADAMS plays an important role in encouraging the release of
inflammatory factors such as TNFa, causing neuroinflammation in Parkinson’s and Alzheimer’s disease.”’

To our knowledge, the current study is the first to explore the plasma ADAMS values and their relation to behavioral,
social and sensory symptoms in ASD children. Our results revealed that ADAMS levels are considerably decreased in
children with ASD compared to typically developing controls. The lower ADAMS values in children with ASD may
cause improper regulation of immune responses as well as the development of neuroinflammation associated with
inflammatory mechanisms linked with microglial activation in ASD. This supported the idea that ADAMS8 may be related
to pathological and physiological development in ASD. On the other hand, the increase in ADAMS levels in healthy
children acts as an anti-inflammatory. Subsequently, it prevents bacterial endotoxin-induced production of proinflamma-
tory mediators (such as IL-1, TNF, and nitric oxide) in macrophage cultures.*?

Nevertheless, these results should be used with great care until additional studies are carried out with more subjects to
confirm whether the reduction in ADAMS concentration is a simple outcome of ASD or has a pathogenic role in the
disease. Furthermore, it was impossible to find information in the literature about the ADAMS levels in ASD or any other
neurodevelopmental disorders to compare our results. However, previous studies determined the association of different
biomarkers with neuroinflammation in subjects with ASD.*

The behaviors of autistic children are linked with complications in cognitive and social, and sensory reflections,
which result in social and sensory impairments and cognitive deficiencies for these children and limit their daily
activities. The different ASD behavioral severity scales (CARS, SRS and SSP) were designed to assess the behavioral
signs in children with ASD. The search for potential biomarkers to decide the characteristics of ASD severity can offer us
better information on ASD pathophysiology. Limited studies have reported correlations between plasma levels of
different proteins and the severity of ASD symptoms.®"**

The present study evaluated the correlation of ADAMS levels with CARS, SRS and SSP in children with ASD.
Although plasma ADAMS levels were higher in mild-to-moderate ASD children compared to severe ASD children, it is
not significantly correlated with CARS, SRS and SSP scores, suggesting that ADAMS may not be associated with the
disease’s severity.

Neuropsychiatric Disease and Treatment 2023:19 hetps: 1777

Dove:


https://www.dovepress.com
https://www.dovepress.com

Al-Ayadhi et al Dove

These results offer preliminary, direct information on new ADAMS protein in ASD, which may involve in the early
pathogenesis of ASD, provide possible biomarkers and lead to novel medical treatments. Our results are also accordant
with the assumption that lower ADAMS levels may result due to deregulated anti-inflammatory function in the brain of
ASD. Higher ADAMS concentrations in healthy controls act as an anti-inflammatory, which may provide immunity in
healthy children compared to children with ASD. It also encourages the possible relationship between neurodevelop-
mental changes with low ADAMS levels in ASD.

We may conclude that the fundamental biology of ADAMS is complicated. As with various ADAMS roles in
controlling inflammatory responses, the pathogenic pathways are possibly involved in the pathophysiology of neuroin-
flammation in children with ASD.

Study Limitation

The limitations of this study include its small sample size and cross-sectional design; this may have resulted in missing
the identification of significant changes between the ADAM 8 and behavioral scores (CARS, SRS, and SSP). Additional
limitation of this study is that adaptive behavior was not evaluated in the control group. Thus, whether ADAMS levels
may be linked with behavioral characteristics in healthy controls remains to be clarified. Secondly, there were no
information available on the health conditions including any immune-related diagnoses and co-morbidities of the ASD
subjects. Therefore, ASD subjects were not analyzed based on the presence/absence of immune conditions, this could
have been making a relationship between ADAMS levels and ASD severity.

Conclusion

The ADAMS plasma levels in children with ASD were significantly lower than those of healthy controls, which
probably indicates that the ADAMS protein might be implicated in the pathophysiology of ASD. However, the low
ADAM 8 protein was not found to be related to the severity of ASD as ADAMS did not correlate with cognitive,
social, and sensory behaviors. The reason is still not known, and further research is required. Furthermore, our results
recommended that ADAMS may play a role in neuroinflammation in ASD. ADAMS might act as a valuable protein for
a forthcoming investigation into the ASD mechanisms at the molecular level or the detection of ASD biomarkers.
Nevertheless, these results should be used with great care until additional studies are carried out with more subjects to
confirm whether the reduction in ADAMS concentration is a simple outcome of ASD or has a pathogenic role in the
disease.
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